Since the mid-20th century, there has been growing scientific information on the health benefits of being physically active (1, 2) . Today, physical activity has a central role in health system and social efforts that are directed towards the prevention of daily risk-related dis ease outcomes. Thus, the assessment of physical activ ity level (PAL) and measurement of total energy expen diture (TEE) in free-living individuals under a variety of circumstances has become an area of particular inter est (3, 4) . It is well recognized that physical inactivity may be associated with both a decrease in physical fit ness and daily energy expenditure, and hereby a de crease in the latter with age greatly increases the chance of becoming overweight (5) . This most recent shift in focus has resulted in the need for a more precise quantification of activity level and energy expenditure in free-living peoples (6, 7) . * To whom correspondence should be addressed . E-mail: ssp@taiiku.tsukuba,ac.jp As the apparent benefits associated with an active lifestyle can be gauged by examining habitual physical activity or energy expenditure per se, ensuing health related markers such as loss of body fat or improvement of physical fitness (VO2max) are of interest. Using whole room indirect calorimetry, Melanson et al. recently re vealed that, as compared to sedentary subjects, individ uals following either a low or high-intensity exercise program had a higher TEE. However, there was found to be no difference in TEE between the two exercise groups (8). Westerterp, using both an accelerometer and the DLW method, found that the accumulated duration of moderate-intensity physical activity appeared to be more effective in increasing PAL than low-intensity ex ercise in the middle-aged (5). In the same study, the total proportion of high-intensity exercise did not ap pear to influence TEE. However, it has also been recog nized that high-intensity exercise can have a potential impact on energy expenditure in a number of ways: first, exercise-associated energy expenditure is in-creased by increasing work rate; second, resistance training increases muscle mass and in turn increases resting energy expenditure; and third, participating in aerobic exercise at an intensity greater than 70% VO2max has been found to increase resting energy ex penditure without any change in muscle mass (9) . Although exercise physical activity (EPA) is therefore believed to play a role in the beneficial effects of health related fitness, the relationship between its quantifica tion and TEE is not yet fully known. In addition the dou bly labeled water (DLW) method has been adopted as a gold standard to assess human total energy expenditure (TEE) under field conditions (10), but there is no such gold standard for measuring physical activity. The de velopment of several methods for assessing physical ac tivity has not yet solved the ongoing problem of deficit in between study accuracy and feasibility. In a previous study of young Japanese men, Ebine et al. reported that using an accelerometer represents a promising technique for measuring free-living TEE as compared to activity records and heart rate monitoring (11) . In a recent study of older Japanese men, we also found that an accelerometer was a useful and effective device that allowed us to differentiate the duration and intensity of daily physical activity (12).
Thus, the present study was conducted using an ac celerometer to examine the role of EPA (especially its duration and intensity) in effecting TEE in healthy Japanese men 30 to 69y of age. In addition, the contri bution of body composition and physical fitness in de termining TEE was also investigated.
METHODS
Subjects. Forty healthy, working Japanese male volun teers, representing four age categories from 30 to 39, 40 to 49, 50 to 59, and 60 to 69y (n=10 per group), participated in the study. They are civil servants (e.g. teachers, librarians, medical doctors, nurses, office workers, drivers), recruited from Fukuoka City and the surrounding area. Informed consent was obtained from all participants prior to the investigations. Anthro pometric measures are presented in Table 1 . Volunteer thyroid status (triiodothyronine, thyroxine, and thy rotropin) was screened and found to fall within the nor mal range. Over the assessment period, subjects were instructed to maintain their daily lifestyle. This study was approved by the ethical committee of the National Institute of Health and Nutrition in Japan.
Experimental design. TEE was measured using the DLW method over a 14-d period. A LifeCorder ac celerometer (AC) was worn by all subjects over the same period at all times while awake to gauge habitual physical activity. Measurements of subjects' physical characteristics, body composition, and basal metabolic rate (BMR), followed by the administration of a single oral dose of DLW (2H218O) were performed one day prior to the 14-d period of TEE measurement (day 0). Urinary samples were collected at 3h and 4h after ingestion to determine dilution space, and on day 1 and day 15 for isotopic elimination analysis of 2H and 180. A treadmill 
DISCUSSION
In this study we found that high-intensity EPA was identified as an important modulator of TEE in addition to the effect of FFM in healthy working Japanese men 30 to 69y of age. This may be explained by the contri bution of exercise on PAEE. PAEE has been reported as being the most variable component of daily TEE (17, 18), and the most significant indicator of variation be tween individuals (19). Our findings indicate that par ticipation in high-intensity EPA, even for an accumu lated duration of less than half an hour, appears to play an important role for increasing PAEE and concomi tantly TEE. Participation in high-intensity EPA presum ably also increases both low and moderate-intensity exercise (due to pre and post-exercise warming up and cooling down), which may lead to an enhancement of PAEE and TEE.
Since PPM is significantly related to muscle mass, it can be presumed that a high PPM will not only increase BMR, but also may effect PAEE due to the greater per centage of metabolically active tissue (20). Indeed, Cunningham reported that body composition (PPM) is the principal determinant of BMR. Furthermore, the factor of age may rather influence the body composition of an individual (21).
Using whole room indirect calorimetry, Melanson et al, recently demonstrated that difference of exercise in tensity at 40% or 70% VO2max did not affect TEE be cause equal energy costs were loaded on both training level (8) . This may indicate that both exercise intensity and duration coincide with affecting TEE. Recently, Westerterp (5) using middle-aged and non-obese sub jects of both sexes classified in an active group (PAL=1.5 to 2.1), reported that time spent on moder ate-intensity activity has a strong impact on PAL. In contrast, we found no such relationship between PAL and any EPA durations. The reason(s) was not clear, but there were some differences between the two studies in the subjects (ages, sexes, and occupations) and classifi cations of EPA deduced by the accelerometers. However, further study is required in these areas.
To test the validity of the developed equation, we pre dict TEE from the 6th revision of the recommended di etary allowances for Japanese (22), in which the aver age body weight at 30 to 49 and 50 to 69y-old are 67.0 and 62.5kg, respectively. If body fat is considered at 25%, predicted TEE without high-intensity EPA might be identical with physical activity level III of the recommended energy allowances (REA) on the same age group for 2,550 and 2,300kcal/d.
When high-in tensity EPA of 10 to 20min is included in the equation, predicted TEE might be kept within in physical activity level IV of the REA for 2,850 and 2,550kcal/d. Therefore, daily high-intensity EPA might contribute to the increase in TEE, and consequently play a role in the beneficial effects of energy balance (23).
In summary, our study supports the positive associa tion between the total accumulated duration of high-in tensity EPA and TEE in healthy Japanese men 30 to 69y of age. Intensity and duration of the EPA seemed to be significant in determining TEE. Body composition was found to have a greater direct impact on TEE than phys ical fitness did in this population. 
